Background: Using the same cutoff points for whole-body measurements as for site-specific measurements will result in underestimation of osteoporosis.
Background
Bone mineral density (BMD) measurements are the main determinant for an osteoporosis diagnosis (1) . The gold standard for BMD measurements is bone ash assessment, but its noninvasive substitute is dual-energy x-ray absorptiometry (DXA) (1, 2) . DXA can be performed locally or for the whole body (2); however, the usual method of BMD measurement is the assessment of specific skeletal regions. The best areas for BMD assessment are the hip, lumbar spine, and forearm (3) . It has been previously recommended that the BMD of the femoral neck, trochanter, and total hip, as well as the lumbar spine, should be measured, with the lowest value selected as the basis for treatment planning (1, 4) ; however, some reports have advised against this method (5) . Occasionally, BMD measurements of the spine or other regions of interest are not feasible or could yield false results. For example, BMD may be overestimated in patients with spondylosis (5, 6) ; this could be due to osteophyte formation, which falsely increases the average BMD, while the patient may have a lower bone density in other parts of the spine, predisposing him or her to fracture (6) . Thus, some authors have proposed whole-body BMD measurements instead of local measurements. However, questions remain regarding the accuracy and validity of a whole-body BMD measurement as a guide for spinal BMD and the associated fracture risk. Some authors have shown a good correlation between whole-body and local BMDs (2) , while other authors have reported only a weak correlation (3) . BMD measurements of different parts of the skeleton could also give different results, as bone loss is not a homoge-nous process (2) . For instance, it has been shown that the BMD of the spine varies, and estimating the fracture risk of a particular region according to BMD measurements of other regions could be misleading (1).
Objectives
In this study, we evaluated the correlation between whole-body and local BMD assessments of the lumbar spine, hip, and forearm, to determine if whole-body BMD measurements could be used instead of local BMD measurements.
Patients and Methods
In this cross-sectional study, we evaluated all patients who were referred to a single rheumatology clinic for BMD measurements during the period of 2009 -2010. Patients who had BMD measurements taken of the hip, lumbar spine, forearm, and the whole body were included in the study. The study was approved by the ethics committee of Shahid Beheshti University of Medical Sciences. The exclusion criteria were: increasing or decreasing pelvic and spinal BMD due to osteoarthritis, metal artifact, local skeletal sclerosis, lytic or sclerotic lesions, Paget's disease, fractures, vascular calcifications, the presence of contrast media, urolithiasis, scoliosis, or prior laminectomy. A total of 152 patients were enrolled in the study. Standard BMD measurements were performed using a DXA Hologic device (Hologic Delphi A; Hologic, Bedford, MA, USA). Spinal measurements were done at the level of L1-L4. Pelvic measurements included the whole pelvic bone and the femoral neck, and forearm measurements were also performed. BMD, Z-score, and T-score were measured for all patients and all body regions. BMD was measured as g/cm 2 . Normal BMD was defined as a T > -1 in post-menopausal women and patients over 50 years of age, and as a Z > -2 in nonmenopausal women or patients under age 50. Osteopenia was defined as a T < -1 in post-menopausal patients or those over age 50, and as a Z < -2 in non-menopausal women or patients under age 50. In patients over age 50, a T≤ -2.5 was considered to indicate osteoporosis. The following guidelines were used to categorize the patients (4): 1-Normal: T ≤ -1 × SD 2-Low bone mass (osteopenia): -2.5 × SD < T < -1 × SD 3-Osteoporosis: T ≤ -2.5 × SD 4-Severe or established osteoporosis: a value for BMD of 2.5 × SD or more below the mean for young adult females in the presence of one or more insufficiency fractures.
The manufacturer's standard values were used for calculating the T-score and Z-score.
Statistical Analyses
Normal data distribution and correlation of different BMD measurements were assessed by the KolmogorovSmirnov test and Pearson's correlation coefficient, respectively. Local BMD estimations according to wholebody values were done using linear regression models. Assessment of the mean difference between continuous variables was performed by repeated ANOVA. The difference between nominal variables among patients was calculated using the McNemar test. Agreement of different variables was assessed and interpreted by kappa coefficient of agreement (7) . All P values lower than 0.05 were considered statistically significant. All analyses were performed using SPSS statistical software (version 16.0, SPSS Inc., Chicago, IL, USA).
Results
Of the 152 total patients, 148 were female (97.4%), 134 of whom were post-menopausal (90.5%). The mean patient age was 56.7 ± 12.6 years (range 25 -88 years), with 106 patients older than 50 years (69.7%). The respective mean whole-body BMD, Z-score, and T-score were 1.1 ± 0.12 (range 0.8 -1.4), 0.72 ± 1.2 (range 2.1 -3.8), and -0.33 ± 1.42 (range -3.5 -2.9), respectively ( Table 1 ). There was no statistically significant difference between genders with regard to age, BMD, Z-score, or T-score.
Repeated ANOVA showed that the mean BMDs of the four different sites were significantly different. This significant difference was also observed between all pairwise comparisons in the whole-body BMD test (all P < 0.0001). Both the T-and the Z-scores showed significant differences between measurements on the ANOVA test (P < 0.0001); however, this was not confirmed in the Bonferroni correction (P = 0.37 and 0.23). Other pairwise comparisons, including comparisons of the whole-body BMD with the BMD from specific sites, were significantly different (P < 0.007 and 0.01, respectively). The respective Pearson correlation coefficients of the whole-body BMD with the spine BMD, hip BMD, and forearm BMD were 0.73, 0.75, and 0.77, respectively (all P < 0.0001) ( Table 2 ). The correlation coefficients of the whole-body Z-scores and T-scores related to local values are listed in Table 2 . All correlation coefficients between local values were lower than 0.58, except for the coefficient of 0.66 for the correlation of T-scores of the forearm and hip.
As densitometry is more important in women over age 50, we divided the patients into two groups: those over 50 and those equal or under 50. We further divided these two main groups into two subgroups: those with normal BMD, and those with abnormal BMD. The correlation coefficients of the whole-body indices with local parameters are listed in Table 2 . The results from a univariate regression model for the prediction of each local densitometry index according to the relevant whole-body measurement in patients over age 50 are shown in Table 3 . With regard to predictions of the hip T-score according to the whole-body T-score, the R 2 of the model was 0.61. As mentioned previously, subcategorization was done separately for the spine, hip, forearm, and whole-body BMD measurements in patients over age 50. Patients with normal and abnormal T-scores were cross-tabulated using the McNemar test to determine whether the frequency of patients with abnormal results for local measurements and whole-body measurements were equal. According to whole-body T-scores, 52 of 106 patients were osteopenic (49.1%); in comparison, the numbers of osteopenic patients according to sitespecific T-scores for the spine, hip, and forearm were 68 (64.2%), 75 (71.4%), and 74 (69.8%), respectively (Tables  4 and 5 ). Comparison of these percentages using the McNemar test showed that compared with all local densitometries, the whole-body results underestimated the percentage of patients with abnormal BMD (Table 5) . A similar analysis was performed with a cutoff point of -2.5 for osteoporosis of all local and whole-body T-score measurements (Table 4 and 5). Abbreviation: BMD, bone mineral density Next, we classified the patients as normal, osteopenic, or osteoporotic based on their T-scores. As it was possible for a single patient to fit into multiple categories based on T-scores from different areas, the kappa agreements according to this categorization were measured (Table 6 ). In all instances, the kappa agreement coefficient was lower than 0.5 (Table 6 ). Based on the above mentioned analyses, it could be proposed that the considering similar cutoff points of -1 and -2.5 for whole body densitometry T-scores ensues in misleading assessment results. So in next step, we evaluated the diagnostic indices of whole body densitometry when we considered the T-score cutoff points of -1 for osteopenia and -2.5 for osteoporosis (exactly similar to cutoff points in site specific densitometry). For this assessment, we considered the results of each individual site as the gold standard, and generated the diagnostic indices of whole-body measurements for the diagnosis of an abnormal T-score (T < -1) and osteoporosis (T < -2.5) separately (Table 7 ). In addition, Kappa coefficients of agreement are presented in Table 7 , demonstrating more than 30% underestimation of abnormal results when using whole-body T-scores with similar cutoff points as opposed to site-specific T-scores (Table 7) .
So we assessed the diagnostic accuracy of all wholebody indices for the diagnosis of abnormal densitometry and osteoporosis using receiver operating characteristic (ROC) analysis yielded an area under the curve (AUC) for each site. In this regard, we had six different situations for each site (spine, hip, and forearm). For each site, we considered the results of the densitometry as the gold standard and calculated the AUC for BMD, Z-score, and T-score (Table 8 ). According to the AUC results, the best measurement for diagnosis of site specific abnormal BMD and osteoporosis was the wholebody BMD in diagnosing low BMD and osteoporosis in hip based on T-score (AUC=0.96 and 0.86, respectively).
In both of these ROCs, we considered two cutoff points, -0.5 and -1, for calculating the diagnostic indices. At the cutoff point of -0.5, the sensitivity and specificity of the test for diagnosis of abnormal BMD were 91 and 90, respectively. When using the cutoff point of -1, the respective sensitivity and specificity were 96 and 58 for a diagnosis of osteoporosis (Tables 9 and 10) ( Figure 1A and B). 
Discussion
We found a significant difference between the mean BMD values for the whole-body versus local measurements. The correlations of whole-body measurements with the corresponding variables for each individual location were good; however, the regression model predictions of variables for each location using the corresponding whole-body values were not reliable. Using the same T-score cutoff points for diagnosis of abnormal BMD and osteoporosis from whole-body readings markedly underestimated abnormal BMD and osteoporosis according to hip BMD results. The AUC for diagnosing abnormal hip BMD from whole-body measurements was very promising; however, the profile for diagnosing osteoporosis was not as good. Different skeletal locations have been proposed for BMD assessment; some of these proposed sites are more generally recommended, while others are only recommended in certain circumstances, such as when the principal assessments are not feasible or could yield false results (4) . The main sites that should be considered are the posteroanterior hip and the spine. Forearm measurements should be reserved for patients with hyperparathyroidism or morbid obesity, or in whom hip and/or spine measurements are not feasible or cannot be interpreted (4) . Femoral neck assessment is preferred mainly because of osteoporotic femoral neck fracture morbidity, and the hip Tscore is the best predictor of femoral fracture. In addition, the hip has the greatest relevance to the clinical and biological aspects of osteoporosis (8) . As noted earlier, BMD measurements can be associated with false re-sults; for example, the T-score will be falsely increased in osteoarthritis (4, 6) . Thus, BMD assessment of other skeletal sites, such as the forearm and the whole body, has been proposed (4) . The main issue is the validity and precision of whole-body BMD measurements for a diagnosis of osteoporosis in standard measurement sites, such as the lumbar spine and, especially, the hip and the femoral neck. Many studies have evaluated the concordance and discordance of BMD measurements of the hip and spine (9, 10) . These studies have reported a high rate of discordance between the BMD values of the hip and spine, with findings of minor discordance (4%) and major discordance of up to 40% between the BMD measurements for these two sites. Using the same T-score cutoff points for determining osteoporosis could make a difference in the perceived prevalence of osteoporosis; that is, an over-or underestimation of osteoporosis prevalence could result (3). This could lead to some difficulty in decision-making, as the T-scores could fall into two different world health organization (WHO) categories. Some physiologic and/or pathologic risk factors for this phenomenon include older age, menopause, and obesity (9, 10) . Another possible reason could be the performance or analysis of the DXA (11). This over-or underestimation of osteoporosis prevalence could also result from considering whole-body BMD measurements, as various skeletal regions with different dynamic properties and types (for example, long bones versus cancellous bones) will be considered as one region. To account for this, some authors have introduced different cutoff points for the whole-body BMD definition of osteoporosis and osteopenia (12) . Discordance of T-scores between the hip and spine could be due to the fact that age-related bone loss is nonhomogeneous (2) . For example, it has been reported that lumbar spine BMD loss occurs at a younger age than hip BMD loss (3). In addition, osteoarthritis of the lumbar spine at older ages could interfere with the estimation of the real T-score (3) . In this study, we employed different statistical approaches to assess the concordance and correlation of whole-body measurements with local values. Regarding the mean values, there was a significant difference between the mean values for whole-body versus local measurements. The correlation of whole-body measurements with the corresponding variables at each individual location were good; however, when considering the regression model results, the prediction of each variable from each specific location using the corresponding whole-body value did not seem perfect (all R 2 values were lower than 0.65). At best, using a regression model to predict the hip Tscore from the whole-body T-score is associated with some incorrect classifications, which may interfere with choosing the correct treatment plan. Thus, using wholebody BMD measurements in this form is not acceptable. Using the same T-score cutoff points for the diagnosis of abnormal BMD and osteoporosis from whole-body readings markedly underestimated abnormal BMD (by 32%) and osteoporosis (by 67%) according to hip BMD results; this is probably because all bones affect the measurement in whole-body densitometry, including the long, wide, and spongiform bones (long bones could increase the mean of the densitometry measurement). This means that the values of the whole-body scan are generally higher than those from local regions, so using the whole-body T-score cutoff for determining osteoporosis underestimates the true result. To resolve this problem, we used the ROC curve analysis to assess the diagnostic performance of whole-body BMD measurements for the diagnosis of abnormal BMD and osteoporosis of the hip, as using other cutoff points may improve this misclassification. The AUC for diagnosing abnormal hip BMD was very promising (0.96), and we found a good cutoff point of -0.5 (instead of -1). The use of this cutoff point could yield a sensitivity of 90% and a specificity of 91%, which seems to be acceptable. Similarly, the cutoff point of 0 yielded a sensitivity of 95% and specificity of 80% for diagnosing patients with abnormal hip BMD. The profile for diagnosing osteoporosis was not as good as for determining abnormal hip BMD; the AUC for determining osteoporosis was 0.84 (lower than the AUC of 0.96 for abnormal hip BMD), and the resulting diagnostic indices for this situation were insufficient for the diagnosis of abnormal BMD (sensitivity of 96% and specificity of 58% using the cutoff point of -1). Most previous studies assessing whole-body measurements have evaluated the correlation coefficient of whole-body versus local measurements (for example, the hip). The results of a study by Franck and Munz are in line with our study (2) . However, our study yielded different results than Boyanov's, who studied 132 women (mean age 51 years) and estimated the lumbar spine BMD by DXA in standard anteroposterior scans, as well as the subregional analysis of whole-body measurements (12) . Using the ROC method for the diagnosis of abnormal BMD and osteoporosis, Boyanov reported respective AUCs of 0.78 and 0.74, which were lower than the AUCs in our study. At a sensitivity level of 90%, Boyanov reported respective specificities of 83.5% and 70.5% for abnormal BMD and osteoporosis, which are again different from our findings. The possible reasons for these differences are that Boyanov derived the whole-body lumbar spine value instead of the whole-body measurement, the regression models from the previous study yielded a better fit and R 2 in comparison to our study (all > 0.75), and there was a different age-range of patients (our study mainly involved patients older than 50 years). In addition, the kappa coefficient of agreement was greater than 0.6 in the previous study, which was better than that in our study. Discordance has also been shown in many other studies between the BMD results for different local areas, such as between the hip and spine. However, the value of this discordance is lower than for whole-body compared with local measurements; for example, Moayyeri et al. conducted a study of about 4,300 patients and reported a discordance of 40% between the hip and spine measurements (9). Cole and Larson reported a discordance of 5.4% when comparing the measurement of one hip to that of the contralateral hip (13) . The limitations of this study were only minor. A larger sample size would have been favorable, and the chance to gather data from other clinics would have made the results more reliable.
At the end, we can conclude slight underestimation of abnormal BMD and osteoporosis should be considered in cases in which whole-body measurements are used instead of local measurements. This underestimation could be reduced by choosing appropriate cutoff points for the diagnosis of abnormal BMD and osteoporosis (different from the classic T-score cutoff points of -1 and -2.5); however, this would still not eliminate possible resultant misclassification.
